In the last few years, new Adaptive Optics [AO] 
INTRODUCTION

A new era of astronomical telescopes is about to start with diameters reaching 30 to 60 meters. This concept of ELTs will provide a dramatic advance in our understanding of the primordial universe. By accommodating 3D spectroscopy devices and relatively large FoV (10 arc minutes), ELTs will be a privilaged tool for the study of formation and evolution of galaxies. The spatial resolution of ground based telescopes is limited by the presence of the atmospheric turbulence which leaves us with image resolution of 0.5 arc second at best. Current Very Large Telescopes [VLTs] (8-10 meterclass) are now equipped with AO which provides a real time correction of turbulence and enables large telescopes to give almost diffraction limited images. But because of anisoplanatism effects, the AO corrected FoV is small, and a good correction requires bright (Natural or Laser 1 ) Guide Stars near the scientific object. Typically, the compensated FoV around the Guide Star is of the order of a few times the isoplanatic patch θ 0 (a few tens of arcsec in the Near InfraRed). In extragalactic studies, to avoid contamination of light by the interstellar medium, it is necessary to observe in a direction
HIGH LEVEL SPECIFICATIONS
Extragalactic studies will benefit from the large capabilities of ELTs in light concentration and spatial resolution. 3D Spectroscopy of galaxies up to m AB 25 will have a large impact in our understanding of the assembly of dark and visible matter (from z = 0 to z = 5), the physics of galaxies near the reionisation (z = 6-9) and the search for the primordial galaxies (z >> 6) 7 .
3D Spectroscopy of distant galaxies will necessitate to obtain spatially resolved spectra of very faint and physically small objects. In terms of instrumental specifications this leads to several critical points. . We see that NIR has a special importance for the study of emission lines at high redshift. 
Spectral Resolution
Ensquared Energy [EE]
We define a parameter to link the image quality with the spectroscopic performance. 
Seeing limited performance
The size of the UA is typically ten times smaller than the seeing-limited image. AO is thus essential to concentrate the light within these small apertures. AO will also increase the SNR as it minimizes the flux spread in the neighboring apertures.
Multi-Objects Adaptive Optics
Taking into account the huge FoV determined by scientific considerations, only Wide Field AO systems could be used for Extragalactic Studies. In a previous study, 13 we have shown that a GLAO system is not consistent with the foreseen performance. We will thus focus on Multi-Objects Adaptive Optics systems. Instead of compensating the whole field, MOAO will perform the correction locally on each scientific object.
Several off axis Guide Stars are considered to perform a tomographic measurement of all the turbulent volume around each scientific object (ie. direction of interest). The optimal correction is then deduced from the turbulence volume knowledge and applied using a single DM per direction of interest.
In order to design our MOAO system, we assume that the related residual phase variance can be split as :
The first term in eq. 1 represents the undermodelling error, the second term is the Wave Front Sensor [WFS] aliasing error, the third term is the servo-lag error, the fourth term corresponds to the WFS noise (photon and detector) and the last term is the error link with tomographic reconstruction of the turbulent volume.
In the following, we will study how to distribute the weight conceded for each error term, in order to reach the EE specification. 
THE NATURAL GUIDE STAR SOLUTION
Dimensioning the AO system
To perform our simulations, we used a simulation tool based on Fourier approach which computes an AO corrected PSF for different AO configurations 14, 15 . We study the EE versus several parameters : the size of the UA, the correction degree, the temporal bandwidth and the magnitude of guide stars.
Degree of correction
The first step to dimension our AO system is to evaluate how many actuators ( 
where d (hereafter called pitch) is the WFS sub-aperture size.
The number of actuators (or WFS sub-apertures) is then defined by :
where D is the telescope diameter.
For Servo-lag error, we assume that the turbulence is stratified in 10 independent horizontal layers. Each layer is seen as a frozen screen propagating horizontally at constant velocity and direction across the telescope pupil. The temporal sampling frequency is then optimized to maximize the EE. Finally, the aliasing error results from the spectral aliasing of the high-order modes into lower order modes.
The main atmospheric parameters and the AO hardware characteristics are summarized in Table 1 . Simulation results are presented in Figure 4 . 
Parameter
Figure 4 shows that :
• 16 Sky coverage results are presented in Table 2 . 
Impact of GS magnitude
Multiplying the number of actuators (or WFS sub-apertures) constraints the limiting magnitude of stars available for WFS. To illustrate this limitation, we compute the impact of the magnitude of the guide star by adding WFS noises (photon and CCD) to the previous simulations. For the WFS photon noise, we assume a global transmission of our system given by a Zero Point = 10
Sky Coverage issue
Results from figure 5 point out that a limitation in the choice of the NGS magnitude appears due to the high degree of correction needed. When dealing with NGS, this limitation will lead to SC issue. The purpose here is to estimate the SC when working with NGS in a tomographic fashion. In a MOAO system, several off axis GS (a constellation), even far outside the isoplanatic patch, are used to perform a tomographic
Galactic Latitude = 30
• Galactic Latitude = 60 Table 2 . Sky Coverage for different galactic latitudes and V ≤ 16. In the Tomographic Mode, the SC is expressed in the percentage of the sky where at least 3 stars with V ≤ 16 can be found in a given FoV. In the Single NGS Mode, the SC is given by the number of stars with V ≤ 16 multiplied by the isoplanatic surface. 
Even when working with NGS in a tomographic configuration, full SC can be obtained only near the Galactic plane. This is incompatible with extragalactic studies : they require to observe at high galactic latitudes, where the Sky Coverage becomes small. To overcome this limitation, the solution of using an Laser Guide Star is mandatory. Only the LGS solution could offer a sufficiently important SC, even near the galactic pole. In the following study we will focus on systems working with LGS.
THE LASER GUIDE STAR SOLUTION
LGS systems are usually based on the analysis of the back scattered light from the excitation of an atmospheric resonant layer. This solution, which can provide bright sources anywhere in the sky seems very attractive. Nevertheless, this promising technique suffers from some limitations detailed below. A first problem is due to the finite altitude of the LGS. Rays from the LGS do not sample the same turbulence as the collimated beam coming from the science object leading to a phase estimation error. This effect (which is
where, S and L are the maximal values of seeing and L 0 considered.
The outer scale statistics has been measured by several campaigns, 24 showing a median value of 22m and a log-normal distribution. Since for 50mas UA the limiting values for both seeing and outer-scale roughly correspond to median values, we can expect at least 25% of observing time. For a system working with smaller UA, or in order to reach more observing time, a partial Tilt correction will be necessary. 
Partial Tip-Tilt correction
The first term in Eq. 7 represents the photon noise, the second term is the temporal error and the third one gives the contribution of anisoplanatism. Their expressions are given by : Figure 8 . 
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